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Description 

This invention relates to a method fa the produc- 
tion of a heat exchanger for medical treatment, more 
particularly, a heat exchanger for medical treatment to s 
be used in the extracorporeal circulation of blood for the 
purpose of maintaining the temperature of the blood at 
a desired level during the course of the circulation. 

The extracorporeal blood circulation is generally 
employed as an auxiliary measure for surgery of the 10 
heart, particularly lor cardiotomy. In the extracorporeal 
blood circulation as an auxiliary measure for cardiot- 
omy, the blood drawn out of the patient's body is for- 
warded to an oxygenator, there to be oxygenated, and 
then returned in an oxygen-saturated state back to the is 
patient's body. In the surgical operation performed on a 
complicated infantile carcfiac deformation or on an adult 
aortic aneurysm, for example, the extremely low body 
temperature extracorporeal circulation method or the 
medial body temperature extracorporeal circulation 20 
method is employed. This blood circulation is effected 
by cooling the blood drawn out of the patient's body. In 
the extracorporeal body circulation of the nature under 
discussion, the blood drawn out of the patient's body 
must be kept at a prescribed temperature or cooled or 25 
heated. For this purpose, it has been customary to use 
a heat exchanger as inserted in the circuit for the extra- 
corporeal blood circulation. 

The heat exchangers developed to date for use in 
the extracorporeal blood circulation are widely varied in 30 
type. For example, a shell-and-tube exchanger 1 which, 
as illustrated in Figs. 1 and 2, comprises a first fluid 
passing space 2 and a multiplicity of heat-exchanging 
tubes 4 disposed inside the first fluid passing space 2 in 
the longitudinal direction of the first fluid passing space 35 
2 and provided with an inner space 3 destined to form a 
second fluid passing space watertightly separated from 
the first fluid passing space 2 is a highly hopeful heat 
exchanger for medical treatment which effects very effi- 
cient exchange of heat and enjoys exceptional com- 40 
pactness of design. When the first fluid passing space 2 
is formed in a cylindrical shape, a first fluid inlet tube 5 
for introducing a first fluid into the first fluid passing 
space 2 and a first fluid outlet tube 6 for discharging the 
first fluid from the first fluid passing space 2 are 45 
adapted, as illustrated in Figs. 1 and 2, so as to be 
extended inwardly from outside substantially along the 
straight line passing the central part of a cross section 
perpendicular to the axis of the first fluid passing space 
2 and consequently allowed to communicated with the so 
first fluid passing space 2. 

When the shell-and-tube exchanger 1 constructed 
as described above is used in effecting exchange of 
heat between the Wood and the heat-exchanging 
medium by passing the heat-exchanging medium ss 
through the first fluid passing space 2 and the blood 
through the second fluid passing space, i.e., the inner 
spaces 3 of the heat-exchanging tubes 4, the exchange 
of heat can be accomplished substantially uniformly con 



the whole blood because the blood is distributed com- 
paratively uniformly and allowed to keep a relatively 
constant contact with respect to the heat-exchanging 
medium. When the pressure loss during the introduc- 
tion of the blood is large and the extracorporeal blood 
circulation lasts for a long time, there is a fair possibility 
that the blood will be coagulated inside the inner spaces 

3 of the heat-exchanging tubes 4 and will consequently 
clog or constrict the heat-exchanging tubes 3. Con- 
versely, when the exchange of heat is carried out by 
passing the blood through the first fluid passing space 2 
and the heat-exchanging medium through the second 
fluid passing space or the inner spaces 3 of the heat- 
exchanging tubes 4, the aforementioned possibility of 
the blood conduits being clogged or constricted is sub- 
stantially precluded and the pressure loss due to the 
introduction of the blood is repressed to a comparatively 
large extent. Since the first fluid inlet tube 5 and the first 
fluid outlet tube 6 are adapted, as described above, so 
as to be extended inwardly from outside substantially 
along the straight line passing the central part of a cross 
section perpendicular to the axis of the first fluid passing 
space 2 and consequently allowed to communicate with 
the first fluid passing space 2, the blood mainly 
advances toward the central part of the first fluid pass- 
ing space 2 and consequently the flow of the blood 
inside the first fluid passing space 2 is not uniformized 
but is varied locally. In the region of relatively Ngh blood 
flow, exchange of heat is effected to an unduly small 
extent because the blood does not sufficiently contact 
the heat-exchanging tubes 4 now passing the heat- 
exchanging medium inside the inner spaces 3 thereof. 
By contrast, in the region of relatively low blood flow, the 
exchange of heat is effected to an unduly large extent 
because the blood contacts the heat-exchanging tubes 

4 more than is normally required. Where the heat- 
exchanging tubes 4 are distributed throughout the 
whole blood passing space 2 as illustrated in Figs. 1 
and 2, the unfavorable situation mentioned above grows 
in conspicuity because the blood introduced through the 
blood inlet tube 5, on entering the blood passing space 
2, comes into direct contact with the heat-exchanging 
tubes 4 and, consequently, the blood flow is not given a 
chance enough to be uniformly distrfouted throughout 
the entire blood passing space 2. The shell-and-tube 
exchanger which is incapable of effecting exchange of 
heat uniformly on the whole blood being passed there- 
through hardly deserves high esteem because it has the 
drawback of impairing the uniformity of blood tempera- 
ture distribution, suffering the exchange of heat on the 
blood to proceed excessively or insufficiently, and bring- 
ing about adverse effects upon the blood components. 

Further, the conventional heat exchanger is so con- 
structed that a heat-exchanging medium inlet port for 
introducing the heat- exchanging medium into the heat 
exchanger and a heat-exchanging medium outlet port 
for discharging the heat-exchanging medium from 
within the heat exchanger are integrally formed with a 
housing of the heat exchanger and are fixed on the 
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housing. A connection tube which leads out of a heat- 
exchanging medium temperature controller communi- 
cating with the heat-exchanging medium inlet port and 
the heat-exchanging medium outlet port is generally 
large in diameter and hard to the touch. The connection 5 
between the coupler disposed on the heat-exchanging 
medium inlet port or the heat-exchanging medium outlet 
port and the coupler disposed at the leading end of the 
connection tube of the heat-exchanging medium tem- 
perature controller is obtained only with difficulty. More- w 
over, there is a risk that this connection will be disrupted 
in consequence of a deviation of the positional relation- 
ship between the heat exchanger and the heat- 
exchanging medium temperature controller during the 
course of operation. 15 

EP-A-81 118 (TERUMO) discloses a method for the 
production of a heat exchanger for the blood under extra 
corporeal treatment comprising the steps of : 

introducing a multiplicity of slender heat-exchang- 20 
ing tubes into a cylindrical housing possessing a 
heat-exchanging medium inlet port, a heat- 
exchanging medium outlet port, a blood inlet port 
and a blood outlet port; 

- fitting first and second sealing members to the end 25 
parts of the housing; 

- injecting a potting compound into the cylindrical 
housing with the end parts of the slender heat- 
exchanging tubes kept in closed state thereby form- 
ing partition walls for fixing each end part of the 30 
slender heat-exchanging tubes to the cylindrical 
housing; 

and removing the sealing members. 

In this method as disclosed, the correct arrange- 35 
ment of the heat exchanging tubes is maintained by the 
mere thickness of supplemental plastic tubes which are 
mounted at the ends of the heat-exchanging tubes, thus 
leading to a certain degree of imprecision. 

Furthermore, the disclosed method provides for the 40 
use of specific means dosing the end of the tubes in a 
preliminary step of the method. Upon completion of the 
manufacture it is then further necessary to cut the ends 
of the heat-exchanging tubes which is difficult to exe- 
cute with high degree of precision. as 

An object of this invention, therefore, is to provide 
an improved method for the production of a heat 
exchanger for medical treatment, said method being 
particularly easy to execute and giving a very precise 
result. so 

As claimed the method of the present invention for 
manufacturing a medical heat exchanger, comprises 
the steps of introducing a multiplicity of slender heat- 
exchanging tubes into a cylindrical housing possessing 
a heat-exchanging medium inlet port, a heat-exchang- ss 
ing medium outlet port, a blood inlet port and a blood 
outlet port; fitting a first and second sealing members to 
the end parts of the housing; injecting a potting com- 
pound into the cylindrical housing with the end parts of 
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the slender heat-exchanging tubes kept in closed state 
thereby forming partition walls for fixing each end part of 
the slender heat-exchanging tubes to the cylindrical 
housing; and removing the first and second sealing 
members. 

According to the invention, the potting compound is 
injected through the blood inlet port and the Wood outlet 
port which are disposed at positions between said 
medium ports. 

Furthermore, the sealing members comprise elas- 
tic sealing members capable of closing the end parts of 
the slender heat-exchanging tubes and are attached at 
respective positions between said medium port and 
blood port to both end parts of the cylindrical housing. 

The slender heat-exchanging tubes are introduced 
into the housing aided with a slender tube distributing 
device possessing a multiplicity of holes for insertion of 
the slender heat-exchanging tubes. 

End plates are also finally fitted on the opposite 
ends of the cylindrical housing. 

The heat exchanger for medical treatment is thus 
produced by disposing a multiplicity of heat-exchanging 
tubes mutually separated inside a cylindrical housing 
possessing closed opposite ends in the longitudinal 
direction or the housing, partition walls disposed at the 
opposite end parts of the heat-exchanging tubes to hold 
the heat- exchanging tubes fast watertightly on the lat- 
eral wall of the housing without closing the openings of 
the heat-exchanging tubes and, at the same time, parti- 
tion the interior or the housing into three spaces, a blood 
inlet tube and a blood outlet tube communicating with a 
blood passing space formed in the central part of the 
housing by the two partition walls, the lateral wall of the 
housing, and the outer walls of the heat-exchanging 
tubes, and a heat-exchanging medium inlet tube com- 
municating with one of two heat-exchanging medium 
passing spaces formed at the end parts of the housing 
communicating with the inner spaces of the heat- 
exchanging tubes watertightly separated from the blood 
passing space and a heat-exchanging medium outlet 
tube to communicate with the other heat-exchanging 
medium passing space. The heat exchanger may be 
such that the blood inlet and outlet tubes severally 
extend inwardly from outside substantially along straight 
lines perpendicular to the longitudinal direction of the 
housing and tangent to the peripheral surface of the 
housing The heat exchanger for medical treatment may 
be such that the blood inlet tube communicates with the 
Wood passing space in the proximity of one of the parti- 
tion walls and the blood outlet tube communicates with 
the blood passing space in the proximity of the other 
partition wall. The heat exchanger for medical treatment 
may be such that the blood inlet tube and the blood out- 
let tube assume a positional relation such that they are 
mounted at about 180° from each other around the 
peripheral surface of the blood passing space. The heat 
exchanger for medical treatment may be such that the 
two empty space portions destitute of arrangement of 
heat-exchanging tubes within the blood passing space 
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occupy a total volume of lass than 40% of the blood 
passing space. 

The heat exchanger for medical treatment may be 
such that the cylindrical housing comprises at lease one 
rib formed on the inner wall surface of the housing s 
extending parallelly to the slender heat-exchaning tubes 
to retard the flow of blood between the slender heat- 
exchanging tubes and the inner wall surface of the 
housing. 

The method of the present invention for the produc- 10 
tion of a heat exchanger for the blood under treatment 
by the extracorporeal circulation, may also comprise the 
steps of forming a cylindrical housing possessing heat- 
exchanging medium ports disposed each one at the 
opposite end parts thereof and a blood inlet port and a is 
blood outlet port disposed at positions between the 
medium ports, attaching a first sealing member at a 
position between those of the medium ports and the 
blood ports which are located at one end part of the 
cylindrical housing, inserting through the other end part 20 
of the cylindrical housing into the cylindrical housing a 
slender tube distributing device possessing a multiplicity 
of holes for insertion of slender, heat-exchanging tubes 
and a multiplicity of slender heat-exchanging tubes, 
attaching a second sealing member at a position 25 
between those of the medium ports and the blood ports 
which are located at the other end part of the cylindrical 
housing, injecting a potting compound through the 
blood port on one end part side and the blood port on 
the other end part side of the cylindrical housing with 30 
the end parts of the slender heat-exchanging tubes kept 
in a dosed state thereby forming partition walls for fixing 
the opposite end parts of the slender heat-exchanging 
tubes to the cylindrical housing, removing, the first seal- 
ing member and the second sealing member, and fitting 35 
end plates one each to the opposite ends of the cylindri- 
cal housing. 

The insertion of the slender tube distributing device 
possessing a multiplicity of holes for insertion of slender 
heat-exchanging tubes and a multiplicity of slender 40 
heat-exchanging tubes through the other end part of the 
cylindrical housing into the cylindrical housing is carried 
out, for example, while keeping the cylindrical housing 
set upright on the one end part of the cylindrical housing 
to which the first sealing member has been attached. 45 
Otherwise, the insertion of the slender tube distributing 
device possessing a multiplicity of holes for insertion of 
slender heat-exchanging tubes and a multiplicity of 
slender heat-exchanging tubes through the other end 
part of the cylindrical housing into the cylindrical nous- so 
ing is carried out, for example, by a procedure which 
comprises first inserting through the other end part of 
the cylindrical housing into the cylindrical housing the 
slender tube-distributing device possessing a multiplic- 
ity of holes for insertion of slender heat-exchanging 55 
tubes and subsequently inserting the multiplicity of slen- 
der heat-exchanging tubes. The formation of partition 
walls for fixing the opposite end parts of the slender 
heat-exchanging tubes to the cylindrical housing by the 
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injection of a potting compound through the blood port 
on one end part side and the Wood port on the other 
end part side of the cylindrical housing with the end 
parts of the 6lender heat-exchanging tubes kept in a 
dosed state is accomplished, for example, by injecting 
the potting compound through the blood port on one 
end part side of the cylindrical housing, then turning the 
cylindrical housing upside down, injecting the potting 
compound through the blood port on the other end part 
side of the cylindrical housing, and allowing the injected 
portions of the potting compound to set and give rise to 
partition walls. Further, the formation of partition walls 
for fixing the opposite end parts of the slender heat- 
exchanging tubes to the cylindrical housing by the injec- 
tion of a potting compound through the Wood port on 
one end part side and the Wood port on the other end 
part side of the cylindrical housing with the end parts of 
the slender heat-exchanging tubes kept in a dosed 
state is accomplished, for example, by injecting the pot- 
ting compound through the blood port on one end part 
side of the cylindrical housing, allowing the injected por- 
tion of the potting compound to set, then removing the 
second sealing member and the slender tube-distribut- 
ing device, attaching the second sealing member again 
in place turning the cylindrical housing upside down, 
injecting the potting compound through the Wood port 
on the other end part side of the cylindrical housing with 
the end parts of the slender heat-exchanging tubes kept 
in a closed state, and allowing the injected portion of the 
potting compound to set. Trie step of removing the first 
sealing member and the second sealing member and 
the step of attaching end plates to the opposite ends of 
the cylindrical housing are carried out for example, by a 
procedure which comprises first removing the first seal- 
ing member and the second sealing member and sub- 
sequently attaching each end plate to the opposite end 
parts of the cylindrical housing. Further, the step of 
removing the first sealing member and the second seal- 
ing member and the step of attaching end plates to the 
opposite ends of the cylindrical housing are carried out, 
for example, by a procedure which comprises a step of 
removing either the first sealing member or the second 
sealing member and attaching one of the end plates to 
the end part from which the sealing member has been 
removed and step of removing the remaining sealing 
member and attaching the remaining end plate to the 
end part from which the remaining sealing member has 
been removed. Further, the first sealing member com- 
prises preferaWy an elastic sealing member kept in 
place by a retaining device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross section taken through a conven- 
tional heat exchanger perpendicularly to the axis 
thereof to illustrate the construction thereof, 
Fig. 2 is a cross section taken through the conven- 
tional heat exchanger in the directon of the axis 
thereof, 
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Fig. 3 is a partially cutaway perspective view illus- 
trating one embodiment of a typical heat exchanger 
for medical treatment manufactured by the method 
of the present invention, 

Fig. 4 is a cross section taken through Fig. 3 along 
the line IV-IV, 

Fig. 5 is a cross section taken through Fig. 3 along 
the line V-V. 

Fig. 6 is a partially sectioned front view of an oxy- 
genator incorporating therein the heat exchanger 
manufactured by the method of the present inven- 
tion, 

Fig. 7 is a perspective view of the oxygenator illus- 
trated in Fig. 6, 

Fig. 8 is a partially cutway front view illustrating 
another embodiment of the heat exchanger manu- 
factured by the method of the present invention, 
Fig. 9 is a partially enlarged cross section of Fig. 8, 
Fig. 10 is a drawing for explaining the manufactur- 
ing process of the heat exchanger in accordance 
with the present invention, 
and 

Fig. 1 1 is a partially enlarged cross section of Fig. 
10. 

A heat exchanger 101 for medical treatment, as 
illustrated in Figs. 3 to 5, comprises a cylindrical Wood 
passing space 102 and a multiplicity of heat-exchanging 
tubes 103 disposed inside the cylindrical blood passing 
space 102 along the longitudinal direction of the Wood 
passing space 102 and each provided with an inner 
space watertightly separated from the blood passing 
space 102 and effects exchange of heat across the 
walls of the heat-exchanging tubes 103 between, the 
blood passed through the blood passing space 102 and 
a heat-exchanging medium passed through the inner 
spaces 104 of the heat-exchanging tubes 103. This 
heat exchanger 101 has as the salient characteristic 
thereof the fact that a blood inlet tube 105 for introduc- 
ing blood into the blood passing space 102 and a Wood 
outlet tube 106 for discharging the blood from the Wood 
passing space 102 are severally extended inwardly from 
outside substantially along straight lines perpendicular 
to the longitudinal direction of the blood passing space 
102 and tangent to the peripheral surface of the Wood 
passing space 102 and allowed to communicate with 
the blood passing space 102. 

When the blood inlet tube 105 and the Wood outlet 
tube 106 are severally extended inwardly from outside 
substantially along straight lines perpendicular to the 
longitudinal direction of the blood passing space 102 
and allowed to communicate with the Wood passing 
space 102 as described above, the blood introduced 
through the blood inlet tube 105 is induced to assume a 
flow tending to revolve inside the blood passing space 
102 along the periphery of the blood passing space 102 
and, the blood passed through the interior of the blood, 
passing space 102 is caused to come into uniform con- 
tact with substantially all the heat-exchanging tubes 103 



disposed inside the Wood passing space 102 except 
mainly for a specific group of heat-exchanging tubes 
103 which are located in the central part of the Wood 
passing space 102, namely on a roughtly straight line 

s connecting the communicating entrance to the Wood 
inlet tube 105 and the communicating entrance to the 
Wood outlet tube 106. Thus, the exchange of heat is 
attained uniformly within the Wood passing space 102 
without entailing any locally excessive or insufficient 

10 exchange of heat. Further in the heat exchanger of this 
invention, since the Wood is passed outside the heat- 
exchanging tubes 103, it is neither compelled to find 
only a limited flow path during the course of introduction 
thereof into the Wood passing space 102 nor forced to 

is suffer from any large pressure loss or entail any heavy 
damage to the Wood components. 

The heat exchanger for medical treatment in the 
present embodiment is so constructed that inside a 
cylindrical housing 109 of closed opposite ends formed 

20 of a housing proper 107 and end plates 108a, 108b 
closing the open opposite ends thereof as illustrated in 
Figs. 3 to 5, the multiplicity of heat-exchanging tubes 
103 are disposed mutually separated along the longitu- 
dinal direction of the housing 109 and partition walls 

25 110a, 110b disposed one each at the opposite end 
parts of the plurality of heat-exchanging tubes 103 
retain the heat-exchanging tubes 1 03 watertightly to the 
lateral wall of the housing 109 without closing the open- 
ings of the heat-exchanging tubes 103. At the same 

30 time, these partition walls 1 1 0a, 1 1 0b serve the purpose 
of partitioning the interior of the housing 109 into three 
empty spaces. The central portion of the housing 109 
enclosed with the two partition walls 1 1 0a, 1 10b, the lat- 
eral wall of the housing 109, and the outer walls of the 

35 heat-exchanging tubes 103 constitutes itself the Wood 
passing space 102 and the two end portions of the 
housing 109 watertightly separated from the blood 
passing space 102 and enclosed with the partition walls 
1 10a, 1 10b and the end part walls and the lateral wall of 

40 the housing 109 constitute themselves the heat- 
exchanging medium passing spaces 1 1 1a, 1 1 1b. These 
two heat-exchanging medium passing spaces 111a, 
111b both communicate with the inner spaces 104 of 
the heat-exchanging tubes 103 which are watertightly 

45 separated from the Wood passing space 102. In the 
construction, formed as described above, the Wood inlet 
tube 105 and the Wood outlet tube 106 are allowed to 
communicated with the blood passing space 102 and 
the heat-exchanging medium outlet tube 1 1 2 to commu- 

50 nicate with the heat-exchanging medium passing space 
111a and the heat-exchanging medium inlet tube 113 
with the other heat-exchanging medium passing space 
111b. 

Further, in the heat exchanger 101 of the present 
55 embodiment for medical treatment, the blood inlet tube 
105 and the blood outlet tube 106 are severally 
extended inwardly from outside substantially along 
straight lines perpendicular to the longitudinal direction 
of the housing 109 and tangent to the peripheral surface 
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of the housing 109, namely substantially along straight 
lines perpendicular to the longitudinal direction of the 
blood passing space 102 and tangent to the peripheral 
surface of the blood passing space 102, and conse- 
quently allowed to communicate with the blood passing s 
space 102. The blood inlet tube 105 and the blood outlet 
tube 106 which are extended inwardly from outside 
need not fall exactly on the straight lines perpendicular 
to the longitudinal direction of the blood passing space 
102 and tangent to the peripheral surface of the blood w 
passing space 102 but may deviate from the straight 
lines to an extent such that they will not be prevented 
from effectively imparting to the blood passed through 
the blood passing space 1 02 a flow along the peripheral 
surface of the Wood passing space 102. Further, the 15 
blood inlet tube 105 and the blood outlet tube 106 are 
only required, at least in the portions thereof immedi- 
ately before their points of communication with the 
blood passing space 102, to run roughly along the 
straight lines perpendicular to the longitudinal direction 2 o 
of the blood passing space 102 and tangent to the 
peripheral surface of the blood passing space 102. For 
the subsequent portions thereof, the direction is a mat- 
ter for arbitrary decision. The positions at which the 
blood inlet tube 105 and the blood outlet tube 106 are to 25 
be located are not specifically defined. For the purpose 
of ensuring effective exchange of heat between the 
heat-exchanging medium passed through the inner 
spaces of the heat-exchanging tubes 103 inserted 
inside the blood passing space 102 and the blood 30 
passed through the blood passing space 102, they must 
be allowed to communicate with the blood passing 
space 102 at mutually separated positions. Desirably, 
as illustrated in Figs. 3 to Fig. 5, the blood inlet tube 105 
is allowed to communicate with the blood passing space 35 
102 near one of the partition walls 1 1 1a and 1 1 1b and 
the blood outlet tube 1 06 to communicate with the blood 
passing space 102 near the other partition walls 1 1 1b or 
111a. Further, the blood inlet tube 105 and the blood 
outlet tube 106 are desired to assume a positional rela- 40 
tion such that they are mounted at about 1 80° from each 
other around the peripheral surface of the blood passing 
space 102 as illustrated in Figs. 3 and 4. 

The heat exchanger 101 for medical treatment of 
the present embodiment which is constructed as 45 
described above is put to use as incorporated suitably in 
a varying extracorporeal circulation circuit Since it is 
featured by exceptional compactness of design asnd 
high performance, it can be advantageously utilized as 
integrated with an oxygenator and a Wood storing tank so 
and operated as an oxygenator system as illustrated in 
Figs. 6 and 7, for example. 

In the embodiment illustrated in Figs. 6 and 7, an 
oxygenator 121 is provided with a housing which com- 
prises a cylindrical housing body 122 and fitting covers ss 
123a, 123b closing the open opposite end parts of the 
housing body 122. Inside the housing, a multiplicity of 
hollow fiber membranes 124 are paralelly disposed 
mutually separated along the longitudinal direction of 



the housing and distributed cross-sectionally through- 
out the entire interior of the housing. The opposite end 
parts of these hollow fber membranes 124 are water- 
tightly retained on the housing body 122 by means of 
partition walls 125a, 125b, with the openings of the 
opposite end parts kept in an opened state. A gas inlet 
port 127 is disposed so as to communicate with a gas 
inlet space 126 defined by the fitting cover 123a, the 
housing body 122, and the partition wall 125a and 
allowed to communicate with the inner spaces of the 
hollow fber membranes and a gas passing port 129 is 
disposed so as to communicate with a gas passing 
space 128 defined by the other fitting cover 123b, the 
housing body 122, and the partition wall 125b and 
allowed to communicate with the inner spaces of the 
hollow fber membranes. Further, a Wood inlet tube 131 
and a Wood outlet tube 1 32 are disposed so as to com- 
municate with a Wood chamber 130 formed of the inner 
wall of the housing body 122, the two partition walls 
1 25a, 1 25b, and the outer walls of the hollow fiber mem- 
branes 124. 

The oxygenator 121 illustrated in the present 
embodiment is of a type which effects exchange of gas 
by blowing an oxygen-containing gas such as air into 
the inner spaces of the hollow fiber membranes and 
passing blood outside the hollow fiber membranes 114. 
Otherwise, the oxygenator may be constructed in a type 
which effects the exchange of gas by passing blood in 
the inner spaces of the hollow fber membranes and a 
passing the oxygen-containing gas outside the hollow 
fber membranes. Alternatively, an oxygenator of a type 
using flat gas-exchange membranes is also usaWe. In 
all these types of oxygenator, particularly desirable is 
the type which passes the Wood outside the hollow fiber 
membranes as illustrate! in the present embodiment. 
Since the oxygenator of this type has any sparing pres- 
sure loss, the oxygenator system using this oxygenator 
does not need a blood pump in front of the oxygenator 
inserted in the path of circulation circuit. H has only to 
rely upon the removal of blood from a patient's body 
owing to the head of pressure to obtain required flow of 
the blood to the oxygenator and further to the blood 
storing tank. 

The blood outlet tube 106 of the heat exchanger 
101 for medical treatment is allowed to communicate 
watertightly with the blood inlet tube 131 of the oxygen- 
ator 121 through the medium of a connection tube 133 
as illustrated in Fig. 7. The watertight connection of the 
connection tube 133 to the blood inlet tube 131 of the 
oxygenator 121 and to the blood outlet tube 6 of the 
heat exchanger 101 for medical treatment is attained by 
tight fitting by the use of a screw, a taper, or an O-ring or 
by tight adhesion by means of ultrasonic waves or high- 
frequency waves by with adhesive agent. Of course, it is 
permissible to connect the Wood inlet tube 131 of the 
oxygenator 121 directly and watertightly to the Wood 
outlet tube 6 of the heat exchanger 101 for medical 
treatment by similar means of connection. The 
exchanger for medical treatment in the present embodi- 
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ment and illustrated in Figs. 3 to 5 are substantially 
identical, though they differ slightly with respect to the 
positions at which the blood inlet tube 105 and the blood 
outlet tube are located. The blood inlet tube 105 in the 
heat exchanger 101 for medical treatment in the present 5 
embodiment is provided with a cardiotomy inlet port 1 35 
for introduction of the blood shed during the course of 
surgical operation in addition to a blood inlet port 1 34 for 
connection to the extracorporeal circulation path. The 
blood inlet tube 105 of this heat exchanger 101 is pro- w 
vided with a temperature measuring probe insertion 
hole 136. To the heat-exchanging medium inlet tube 
113 and the heat-exchanging medium outlet tube 112, 
flexible extension tubes 138 provided at the leading end 
part thereof with a water inlet port (not shown) or a 15 
water outlet port 137 are connected. 

In the meantime, a Wood inlet 1 42 of a blood storing 
tank 141a is connected watertightly with a connection 
tube 139 to the blood outlet tube 132 of the oxygenator 
121. The watertight connection of the connection tube 20 
139 to the blood outlet tube of the oxygenator 121 and 
to the blood outlet tube 1 42 of the blood storing tnak 1 4 1 
is attained in the same manner as in the watertight con- 
nection of the connection tube 133 to the blood inlet 
tube 131 of the oxygenator 121 and to the Wood outlet 25 
tube 106 of the heat exchanger 101 for medical treat- 
ment. 

With a housing 146 made of rigid material and pro- 
vided with a Wood inlet 142, a blood inlet part 143 com- 
municating with the blood inlet 142 and possessing a 30 
bottom surface having substantially no head of pressure 
from the Wood inlet 142, a Wood storing part 144 com- 
municating with the blood inlet part 143 and possessing 
a bottom surface destined to fall gradually from the 
blood inlet part 143, and a blood outlet 145 disposed 35 
below the Wood storing part 144, the blood storing tank 
141 which is conncected to the oxygenator 121 is 
formed by disposing a defoaming member 147 across 
the entire width of the Wood flow path of the blood inlet 
part 143. This Wood storing tank 141 is provided not 40 
only with the blood outlet 1 45 connected to the extracor- 
poreal circulation path but also with a cardio-pregear 
part 148 destined to be connected to the path for for- 
warding Wood to the cardiac vein and adapted to com- 
municated with the lower part of the blood storing part 45 
144. ft is further provided a temperature measuring 
probe insertion port 149 intended to measure the tem- 
perature of Wood within the blood storing tank 141 . 

In the oxygenator system which integrates the heat 
exchanger 1 01 for medical treatment and the Wood stor- so 
ing tank 114 with the oxygenator 121 as described 
above, the Wood withdrawn from a patient's body flows 
into the heat exchanger 101 via the Wood inlet tube 105. 
Since the blood inlet tube 105 and the blood outlet tube 
106 are severally extended inwardly from outside sub- ss 
stantially along the straight fines perpendicular to the 
longitudinal direction of the blood passing space 102 
and tangent to the peripheral surface of the blood pass- 
ing space 2 and allowed to communicate with the Wood 
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passing space 102 as described above, the blood intro- 
duced through the Wood inlet tube 105 into the Wood 
passing space 102 is induced to generate a flow tending 
to revolve inside the Wood passing space 102 along the 
inner peripheral surface of the blood passing space 102 
and the Wood passed through the interior of the Wood 
passing space 102 is brought into uniform contact with 
substantially all the heat-exchanging tubes 103 dis- 
posed inside the Wood passing space 102, except 
mainly for the specific group of heat-exchanging tubes 
103 which are located in the central part of the Wood 
passing space 102, namely on the roughly straight line 
connecting the point of communication with the Wood 
inlet tube 105 and the point of communication with the 
blood outlet tube 106. As a result the exchange of heat 
across the walls of the heat-exchanging tubes within the 
blood passing space 102 between the Wood and the 
water, i.e. a heat-exchanging medium, which is intro- 
duced through the heat-exchanging medium inlet tube 
113 into the heat-exchanging medium passing space 
111a, passed through the inner spaces 1 04 of the heat- 
exchanging tubes 103 to the heat-exchanging medium 
passing space 1 11b, and discharged through the heat- 
exchanging medium outlet tube 1 12 is carried out effi- 
ciently and uniformly. The blood which has been heated 
or cooled to a desired temperature is led out of the heat 
exchanger 101 through the Wood outlet tube 106 and 
then forwarded to the oxygenator 121 through the blood 
inlet tube 131 of the oxygenator 121 communicating 
watertightly with the Wood outlet tube 106. The blood 
which has flowed into the oxygenator 121 via the blood 
inlet tube 131 , while flowing through the blood chamber 
1 30, exchanges gas through the medium of the walls of 
the hollow fiber membranes 124 with the oxygen-con- 
taining gas which is flowing through the inner spaces of 
the hollow fiber membranes 124. Consequently, the 
blood is divested of excess carbon dioxide gas and 
instead replenished with fresh oxygen. The blood which 
has been oxygenated f tows out of the blood outlet tube 
132 of the oxygenator 121 and then continues its flow 
into the blood storing tank 141 through the blood inlet 

142 of the blood storing tank 141. The blood which has 
Wowed from the Wood inlet 142 to the blood inlet part 

1 43 communicating therewith and reached the defoam- 
ing member 147 disposed in route to the blood inlet part 
143 is defoamed during the course of its passage 
through the defoaming member 1 47 by the fact that the 
bubbles entrained by the Wood come into contact with 
the foam cells of the defoaming member 147, gradually 
agglomerate, and depart from the blood and move to 
the upper empty space inside the Wood storing tank 
141. The defoamed blood further moves to the blood 
storing part 144, remains temporarily in the Wood stor- 
ing part 144, releases itself through the Wood outlet 145 
disposed below the blood storing part 144, and finds its 
way to the patient's body. 

As slender heat-exchanging tubes, the heat 
exchanger of the present invention is desiraWy provided 
in the housing thereof with about 10 to 2,000, preferably 
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about 50 to 1,000, metallic tubes of high thermal con- 
ductivity (such as, for example, stainless steel tubes, 
aluminum tubes, or copper tubes) having an inside 
diameter in the range of 0.5 to 10 mm, preferably 2 to 5 
mm. These slender tubes are accommodated in the s 
housing parallelly to the axial direction of the housing. 
The blood introduced through the blood inlet therefore, 
flows inside the housing in such a direction as to 
traverse the slender tubes. The slender tubes are sepa- 
rated by a fixed distance. This distance, though variable j o 
with the outside diameter of slender tube or the inside 
diameter of housing, for example, generally falls approx- 
imately in the range of 0.2 to 4 mm, preferably 0.8 to 2 
mm. 

The housing is made of any of various materials is 
such as polycarbonate, acryl-styrene copolymer, and 
acryl-butylene-styrene copolymer. The seal members 
used for sealing the opposite ends of the housing are 
discs possessed of an outer contour substantially equal 
to the inner contour of the end parts of the housing and 20 
made of any of various materials such as polycar- 
bonate, acryl-styrene copolymer, and acryl-butylene- 
styrene copolymer. These seal members are fixed 
watertightly to the end part of the housing by means of 
adhesion with adhesive agent or solvent or fusion with 25 
high-frequency waves, ultrasonic waves, or induction 
heating. 

Fig. 8 and Fig. 9 illustrate a further embodiment 
manufactured by the method of the present invention. 
The difference between the heat exchanger of this 30 
embodiment and that of the embodiment illustrated in 
Fig. 3 to Fig. 5 consists mainly in the construction of 
partition walls 51 0a, 510b. In Fig. 8 and Fig. 9, the parts 
which have equivalents in Fig. 3 to Fig. 5 are denoted by 
like reference numerals plus 400. Fig. 9 is a magnified 35 
cross section illustrating a partition wall and adjacent 
parts of the heat exchanger of Fig. 8. 

A cylindrical housing 509 of a heat exchanger 501 
accommodate therein a multiplicity of slender heat- 
exchanging tubes 503. The housing 509 and the slen- 40 
der tubes 503 are similar to those already descrtoed. In 
the present embodiment, partition walls 510a, 510b are 
formed respectively of perforated plates 551, 552 and 
potting compounds 553, 554. The partition walls will be 
described specifically with reference to Fig. 9. The per- 45 
forated plate 551 possesses a multiplicity of holes each 
having an inside diameter larger than the outside diam- 
eter of slender tube 503 at one end thereof and an 
inside diameter smaller than the outside diameter of 
slender tube 503 at the other end thereof. In the embod- so 
iment of Fig. 9, the perforated plate 551 possesses 
holes which have an inside diameter converged from 
one end to the other thereof so as to decrease past the 
outside diameter of the slender tubes 503 halfway along 
the wall thickness of the perforated plate. The end parts ss 
of the slender tubes 503 are inserted into these holes in 
the perforated plate. Further, the perforated plate 551 is 
provided with a plurality (at least two) ribs 556 serving 
the purpose of keeping a slender tube dispersing plate 



555 apart from the perforated plate 551. The slender 
tube dispersing plate 555 is intended to impart a fixed 
pattern to the bundle of slender tubes 503 in a dis- 
persed state and, therefore, is provided with a multiplic- 
ity of holes fit for insertion of the slender tubes 503. The 
provision of the slender tube dispersion plate and the 
ribs, though not an indispensable requirement, proves 
to be desirable in the sense that it ensures uniform dis- 
persion of the slender tubes 503. The potting compound 
553 fixes the slender tubes 503 watertightly to the per- 
forated plated 551 and the perforated plate 551 similarly 
watertightly to the housing 509. The slender tube dis- 
persing plate 555 is completely buried in the potting 
compound. The complete embedment in the potting 
compound brings about an advantageous effect in pre- 
venting the blood under treatment from coming into 
direct contact with the dispersing plate. The partition 
walls 510b and the adjacent parts are similarly con- 
structed. 

Now, the method employed for the production of the 
heat exchanger for medical tretment of the present 
invention illustrated in Fig. 3 to Fig. 5 will be described 
below with reference to Fig. 10 and 1 1 . 

The method for the production contemplated by the 
invention comprises the steps of forming a cylindrical, 
housing possessing heat-exchanging medium ports 
112, 113 disposed one each at the opposite end parts 
thereof and a blood inlet port 1 05 and a blood outlet port 
106 disposed at positions between the medium ports 
1 12, 1 13, attaching a first sealing member 158 at a posi- 
tion between the medium port (medium inlet port 113, 
for example) and the blood port (blood outlet port 106, 
for example) located at one end part of the cylindrical 
housing 109, inserting through the other end part of the 
cylindrical housing 109 into the cylindrical housing a 
slender tube distributing or dispersing device 157 pos- 
sessing a multiplicity of holes fit for insertion of slender 
heat-exchanging tubes and a multiplicity of slender 
heat-exchanging tubes 103, attaching a second sealing 
member 166 at a position between the medium port 
(medium outlet port 112, for example) and the Wood 
port (blood inlet port 105 or blood outlet port 106, for 
example) which are located at the other end part of the 
cylindrical housing 109, injecting a potting compound 
through the blood port (blood outlet port 106, for exam- 
ple) one one end part side and the blood port (blood 
inlet port 105 or blood outlet port 106, for example) one 
the other end part side of the cylindrical housing 109 
with the end parts of the slender heat-exchanging tubes 
kept in a closed state, thereby forming partition walls 
1 10a. 1 10b for fixing the opposite end parts of the slen- 
der heat-exchanging tubes 103 to the cylindrical hous- 
ing 109, removing the first sealing member and the 
second sealing member, and fitting end plates 108a, 
108b one each to the opposite ends of the cylindrical 
housing 109. To be more specific, after the housing 109 
has been formed, one end part of the housing 109 is 
closed fast by having the sealing member fitted to the 
end part of the housing 109 at a position (falling 
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between the medium inlet port 1 13 and the Wood outlet 
port 106, for example) approximating the medium port. 
The first sealing member is intended to close the end 
parts of the lender heat-exchanging tubes 103 when 
the second sealing member is depressed into place as s 
descrbed later on. The sealing members are desired to 
be formed of an elastic sealing member 158 (a rubber 
sheet of silicone rubber, polyurethane rubber, or latex 
rubber, for example) possessing a cross-sectional con- 
tour matched to that of the housing 109 as held in the 10 
aforementioned place and a retaining device 159 serv- 
ing to keep the elastic sealing member in place. The 
elastic sealing member 1 58 must be incapable of adher- 
ing to the potting compound which is poured into the 
housing 109 later. This requirement may be met by « 
using the potting compound and the elastic sealing 
member which are made of materials devoid of adhe- 
sion quality (silicone rubber sheet for the elastic sealing 
member and polyurethane as the potting compound or 
silicone rubbery as the potting compound and poly- 2 o 
urethane for the elastic sealing member, for example) 
or, where the materials therefor both possess adhesive 
quality, by coating the surface of the elastic sealing 
member 158 falling on the inner surface side of the 
housing 1 09 with resin of the kind capable of cancelling 2 s 
the adhesive quality of the materials (such oil as silicone 
oil for example). The end parts of the housing 109, as 
illustrated in Fig. 5 and Fig. 10, are radially diverged in 
the direction of their extremities from the positions 
approximating the medium ports 1 1 2, 1 1 3. The end part 30 
of the housing 109 is closed by having the elastic seal- 
ing member 158 fitted into the radially diverged portion 
160. The possible separation of the elastic sealing 
member 158 from the housing is precluded by the 
retaining device 159. 35 

Subsequently, the housing 109 is held upright on 
the side thereof provided with the aforementioned 
retaining device 159 and the slender tube-dispersing 
device 157 is inserted in the housing 109. The slender 
tube-dispersing device is intended to impart a state pat- to 
tern to the bundle of slender tubes 103 to be held in a 
mutually separated state and, therefore, provided with a 
multiplicity of holes for insertion of the slender tubes 
103. In the embodiment illustrated in Fig. 10, the slen- 
der tube-dispersing device 157 comprises a plate 161 45 
possessing a multiplicity of holes matched to the slen- 
der tubes 103 in a bundled state and a multiplicity of 
pipes 162 having the end parts thereof inserted in the 
holes of the plate 161. The pipes 162 are fixed in the 
plate 161. The pipes 1 62 have an inside diameter larger so 
than the outside diameter of the slender tubes 103 so 
that the slender tubes 1 03 can be inserted into the pipes 
162. The largest part of the plate 161 has an outside 
diameter larger than the inside diameter of the middle 
part of the housing 109 and smaller than the radially ss 
diverged portion 163 so that when this plate is inserted 
into the housing 109, it will be hung down from the radi- 
ally diverged portion 163 as illustrated in Fig. 10. The 
pipes 162 have a length so adjusted that they will not 



reach the blood outlet port 106 located below when the 
slender tube-dispersing device 157 is inserted into the 
housing 109 (namely hung down from the radially 
diverged portion 163 with the plate 161). This adjust- 
ment of length is necessary for the purpose of prevent- 
ing the pipes 162 of the slender tube-dispersing device 
157 from being fixed with the potting compound which 
will be poured in through the Wood outlet port 106 later 
on. The slender tube-dispersing device using the pipes 
in the manner described above permits the bundle of 
slender tubes to be dispersed certainly in a desired pat- 
tern. Further, owing to the use of such pipes as men- 
tioned above, the slender tubes 103 and the slender 
tube-dispersing device 157 contact each other in large 
portions enough for the slender tubes to be steadily 
retained in a dispersed state and to be prevented from 
otherwise possible disruption of the dispersed state 
under the impact of the potting compound during the 
injection of the potting compound. After the insertion of 
the slender tube-dispersing device 157, the slender 
tubes 103 are inserted into the pipes 162 which have 
been already inserted through the holes of the plate 161 
of the dispersing device 157. The slender tubes 103 
thus inserted have the lower end parts thereof thrust out 
of the leading ends of the pipes 162. The leading ends 
of the slender tubes 103 come into contact with the 
elastic sealing member 158. The slender tubes 103 
have a length so adjusted that the upper ends thereof 
fall in the neighborhood of the radially diverged portion 
of the housing 1 09. Then, the second sealing member is 
fitted downwardly into the radially diverged portion 165 
of the housing 109 to seal the other end part of the 
housing 109. The second sealing member, similarly to 
the first sealing member, is desirably comprising an 
elastic sealing member 166 possessing a cross-sec- 
tional contour matched to that of the housing 109 held in 
the place mentioned above and a retaining device 166a 
adapted to keep the elastic sealing member 166 in 
place. This sealing member is advantageously made of 
the same material as mentioned above. When the 
retaining device 166a is depressed into place from 
above, the end parts of the slender tubes 103 are 
closed with the elastic sealing members 158, 166. The 
heat exchanger has been so far described as being pro- 
vided with the elastic sealing member 166. Since it is 
only required to close the end parts of the slender heat- 
exchanging tubes, the installation thereof is not neces- 
sarily indispensable up to this point in the whole course 
of the production. Then, the potting compound is poured 
in through the Wood outlet port 106 and allowed to set. 
Subsequently, the upper retaining device 166a, the 
elastic sealing member 166, and the slender tube-dis- 
persing device 157 are removed. Further, the elastic 
sealing member 166 is again fitted in the radially 
diverged portion 165 of the housing 109 to dose the 
end of the housing 109 and set in place with the retain- 
ing device 166a. Now, the housing 109 is turned upside 
down and the retaining device 159 is depressed into 
place from above to close the end parts of the slender 
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tubes 109. In the same manner as described above, the 
potting compound is poured in through the blood outlet 
port 106 (or the blood inlet port 105) and allowed to set 
After the potting compound has been solidified, the 
retaining devices 159, 166a and the elastic sealing 5 
members 1 58. 1 66 attached to the opposite end parts of 
the housing 109 are removed. Consequently, the parti- 
tion walls 1 10a, 1 10b are formed. 

Since the method described above requires the 
removal of the slender tube-dispersing device as one of 10 
the essential steps thereof, the injection of the potting 
compound can be attained infallibly and easily even on 
the side used for the insertion of the slender tube-dis- 
persing device 157. Since the opposite ends of the slen- 
der tubes 103 are kept in place with the elastic sealing is 
members 158, 166, the elastic sealing members absorb 
any possible minor variation of length of the slender 
tubes 103 and are capable of preventing the potting 
compound from flowing into the slender tubes 103. Fur- 
ther, the end plates 1 08a, 1 08b possessing a cross-sec- 20 
tional contour matched to that of the opposite ends of 
the housing 109 are fixed watertightly to the opposite 
end parts of the housing 109. The fixation of the end 
plates is attained by adhesion with adhesive agent or by 
fusion with high-frequency waves, ultrasonic waves, or 25 
induction heating. 

The heat exchanger has been so far described as 
being provided with sealing members comprising elastic 
sealing members 158, 166 and retaining devices 159, 
1 66a. Optionally, the sealing members used for the heat 30 
exchanger may be of the type produced by integrally 
forming the elastic sealing members and the retaining 
devices. 

The insertion into the cylindrical housing 109 
through the other end part of the cylindrical housing 1 09 35 
of the slender tube-dispersing device possessing multi- 
plicity of holes of insertion of slender heat-exchanging 
tubes and the multiplicity of slender heat-exchanging 
tubes may be carried out with the housing kept in a hor- 
izontal state. The insertion carried out with the housing 40 
kept in an upright state proves to be more desirable 
because the slender tubes can be inserted with greater 
ease. The insertion into the cylindrical housing 109 
through the other end part of the cylindrical housing 109 
of the slender tube-dispersing device possessing multi- 45 
plicity of holes for insertion of slender heat-exchanging 
tubes and the multiplicity of slender heat-exchanging 
tubes may be effected, for example, by first inserting the 
slender tubes 1 03 through the holes of the slender tube- 
dispersing device 157 and then causing the slender so 
tube-dispersing device 157 now holding the slender 
tubes 103 inserted therethrough to be inserted in the 
housing 1 09. The formation of the partition walls may be 
carried out, for example, by rotating the housing 109 
about the axis thereof while keeping the end parts of the ss 
slender heat-exchanging tubes 103 fast in place, then 
centrifugally pouring the potting compound through the 
blood port on one end part side of the cylindrical hous- 
ing 109, allowing the introduced potting compound to 



set, and repeating the same procedure on the other end 
side. Otherwise, it may be effected by rotating the hous- 
ing about the central part of the housing and, at the 
same time, centrifugally pouring the potting compound 
simultaneously through the blood ports on the opposite 
end parts and allowing the introduced potting com- 
pound to set 

The step of fitting the end plates 108a, 108b, to the 
opposite ends of the housing 109 may comprise first 
removing either the first sealing member or the second 
sealing member, fitting one of the end plates to the end 
part on the side on which the removal just mentioned 
has been made, removing the remaining sealing mem- 
ber, and fitting the other end plate to the end part on the 
side on which the removal has been made. 

The method for production has been so far 
described as requiring the removal of the 6lender tube- 
dispersing devices as one of the component steps. 
When the slender tube-dispersing device 157 is such 
that the continued presence thereof within the housing 
offers no hindrance whatever to the use of the heat 
exchanger, it need not be removed by all means. As a 
concrete example of the slender tube-dispersing device 
157 which answers the description, a plate formed of a 
metallic substance such as stainless steel or a synthetic 
resin as illustrated in Fig. 1 1 may be cited. This slender 
tube-dispersing device 157 is provided with a plate part 
161 possessing a multiplicity of holes permitting inser- 
tion thereof of the slender tubes 103 and a plurality (at 
least three) of leg parts 161a extended downwardly 
from the plate part 161 . The plate part 161 has a lateral 
part thereof cut away to permit downward flow of the 
potting compound (fig 11) When the slender tube-dis- 
persing device of this construction is used in pouring the 
potting compound through the blood port, it is eventually 
buried in the partition wall to be formed of the potting 
compound as illustrated on fig. 1 1 Thus, this slender 
tube-dispersing device places no hindrance whatever in 
the way of actual use of the heat exchanger. 

The method for the production of the heat 
exchanger of this invention comprises the steps of form- 
ing a cylindrical housing possessing heat-exchanging 
medium ports disposed one each at the opposite end 
parts thereof and a blood inlet port and a blood outlet 
port disposed at positions between the medium ports, 
attaching a first sealing member at a position between 
those of the medium ports and the Wood ports which 
are located at one end part of the cylindrical housing, 
inserting thourgh the other end part of the cylindrical 
housing into the cylindrical housing a slender tube dis- 
puting device possessing a multiplicity of holes for 
insertion of slender heat-exchanging tubes and a multi- 
plicity of slender heat-exchanging tubes, attaching a 
second sealing member at a position between those of 
the medium ports and the blood ports which are located 
at the other end part of the cylindrical housing, injecting 
a potting compound through the blood port on one end 
part side and the blood port on the other end part side 
of the cylindrical housing with the end parts of the slen- 
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der heat-exchanging tubes kept in a closed state 
thereby forming partition walls for fixing the opposite 
end parts of the slender heat-exchanging tubes to the 
cylindrical housing, removing the first sealing member 
and the second sealing member, and fitting end plates s 
one each to the opposite ends of the cylindrical hous- 
ing. By this method, the heat exchanger of this invention 
described above can be easily produced. 

Claims w 

1. A method for manufacturing a medical heat 
exchanger, which comprises the steps of introduc- 
ing a multiplicity of slender heat-exchanging tubes 
(103) into a cylindrical housing (109) possessing a is 
heat-exchanging medium inlet port (113), a heat- 
exchanging medium outlet port (112), a blood inlet 
port (105) and a Wood outlet port (106); fitting first 
and second sealing members to the end parts of 
the housing (109); injecting a potting compound 20 
into the cylindrical housing (109) with the end parts 
of the slender heat-exchanging tubes (103) kept in 
closed 6tate thereby forming partition walls (110a, 
1 10b) for fixing each end part of the slender heat- 
exchanging tubes (103) to the cylindrical housing 2$ 
(109); and removing the first and second sealing 
members (158, 166), characterized in that the pot- 
ting compound is injected through the blood inlet 
port (105) and/or the blood outlet port (106) which 
are disposed at positions between said medium 30 
ports (112, 113); the sealing members comprise 
elastic sealing members (158, 166) capable of clos- 
ing the end parts of the slender heat-exchanging 
tubes (103) and are attached at respective posi- 
tions between said medium port and blood port to 35 
both end parts of the cylindrical housing; the slen- 
der heat-exchanging tubes (103) are introduced 
into the housing (109) aided with a slender tube- 
distributing device (1 57) possessing a multiplicity of 
holes for insertion of the slender heat-exchanging 40 
tubes (103); end plates (108a, 108b) are finally fit- 
ted on the opposite ends of the cylindrical housing. 

2. A method according to claim 1 , wherein said slen- 
der tube-distributing device (157) and said slender 45 
heat-exchanging tubes (103) are introduced into 
said cylindrical housing (109) through one end part 

of said cylindrical housing with said cylindrical 
housing (109) kept standing upright on the other 
end part thereof provided with said first sealing so 
member (158). 

3. A method according to claim 1 , wherein said slen- 
der tube-distributing device (157) and said slender 
heat-exchanging tubes (103) are introduced into ss 
said cylindrical housing (109) through one end part 

of said cylindrical housing by first inserting said 
slender tube-distrfcuting device (157) and subse- 
quently inserting said multiplicity of slender heat- 



exchanging tubes (103). 

4. A method according to claim 1 wherein the step of 
injecting said potting compound is effected by first 
pouring said potting compound through said blood 
outlet port (1 06) on one end part side of said cylin- 
drical housing (109), allowing the poured potting 
compound to set, turning said cylindrical housing 
(109) upside down, pouring said potting compound 
through said blood inlet port (1 05) on the other end 
part side of said cylindrical housing (109), and 
allowing the poured potting compound to set. 

5. A method according to claim 1 wherein the step of 
injecting said potting compound is effected by pour- 
ing said potting compound through said blood outlet 
port (106) on one end part side of said cylindrical 
housing, allowing the poured potting compound to 
set, removing the sealing member (166) fitted to 
said end part side and said slender tube-distribut- 
ing device (157), fitting again said sealing member 
(166) in place, turning the cylindrical housing (109) 
upside down and pouring said potting agent 
through said blood outlet port (106) or the Wood 
inlet port (105) while keeping the end parts of said 
slender heat exchanging tubes in a sealed state 
and allowing the poured potting compound to set. 

6. A method according to claim 1 , wherein the step of 
removing said first and second sealing members 
(158, 166) and the step of fitting end plates (108a, 
108b) on opposite ends of said cylindrical housing 
comprises first removing said sealing members 
(158, 166) and subsequently attaching said end 
plates (108a, 108b) on the opposite end parts of 
said cylindrical housing. 

7. A method according to claim 1 wherein the step of 
removing said first and second sealing members 
(158, 166) and the step of fitting end plates (108a. 
108b) on each opposite ends of said cylindrical 
housing comprises first removing either the first 
sealing member (158) or the second sealing mem- 
ber (166), attaching an end plate (108a) to the end 
part of the side on which said first removal is 
effected, removing the remaining sealing member 
(166) and attaching another end plate (108b) to the 
end part of the side on which said second removal 
is effected. 

8. A method according to claim 1 ( further comprising 
the step of keeping in place the first sealing mem- 
ber (158) by a retaining device (159) whereby the 
end part6 of the 6lender heat-exchanging tubes 
(1 03) are closed by said first sealing member (1 58). 

9. A method according to claim 8. further comprising 
the step of keeping in place the second sealing 
member (166) by a retaining device (166a). 
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10. A method according to claim 1, wherein said slen- 
der tube-distributing device (157) comprises a plate 
(161) having a multiplicity of holes and a multiplicity 
of pipes (162) having an inside diameter larger than 
the inside diameter of the slender heat-exchanging 5 
tubes (103), said pipes (162) having a length so 
adjusted that the pipes are prevented from being 
fixed with the potting compound upon injection 
thereof. 

10 

11. A method according to claim 1 a 10 wherein the 
slender tube-distributing device (157) is removed 
after injection of the potting compound. 

12. A method according to claim 1 wherein the slender is 
tube-distributing device (157) is not removed from 
the housing, and comprises a plate (161) having a 
multiplicity of holes, the plate (161) having a lateral 
part thereof cut away to permit flow of the potting 
compound. 20 

13. A method according to claim 12 wherein means 
(1 61 a, 556) are provided for keeping the plate (161 , 
555) apart from said sealing member (166). 

25 

Patentanspruche 

1. Verfahren zur Herstellung eines medizinischen 
Wdrmetauschers, umfassend die Schritte des Ein- 
fuhrens einer Vielzahl von schlanken Wdrmeaus- 30 
tauschrohren (103) in ein zylindrisches Gehduse 
(109), das eine EinlaBfiffnung (113) fur ein Wdrme- 
austauschmedium, eine AuslaBOffnung (112) for 
ein Wdrmeaustauschmedium, eine BluteinlaBOff- 
nung (105) und eine BlutauslaBOffnung (106) 35 
besrtzt; des Einsetzens eines ersten und eines 
zweiten Dichtelements an den Endteilen des 
Gehduses (109); des Einspritzens einer VergieB- 
verbindung in das zylindrische Gehduse (109), 
wobei die Endteile der schlanken Warmeaus- 40 
tauschrohre (103) in geschlossenem Zustand 
gehalten werden, so daB Trennwdnde (1 1 0a, 1 1 0b) 
zum Befestigen jedes Endteils der schlanken Wdr- 
meaustauschrohre (103) an dem zylindrischen 
Gehause (109) gebildet werden; und des Entfer- 45 
nens des ersten und des zweiten Dichtelements 
(158, 166), dadurch gekennzeichnet, daB die Ver- 
gieBverbindung durch die BluteinlaBOffnung (105) 
und/oder die BlutauslaBOffnung (106) eingespritzt 
wird, die an Positionen zwischen den Mediumfiff- so 
nungen (112, 113) angeordnet sind; die Dichtele- 
mente elastische Dichtelemente (158, 166) 
umfassen, die in der Lage sind, die Endteile der 
schlanken Warmeaustauschrohre (103) zu ver- 
schlieBen und an jeweiligen Positionen zwischen ss 
der MediumOffnunq und der Blutflffnung an beiden 
Endteilen des zylindrischen Gehduses angebracht 
werden; die schlanken Warmeaustauschrohre 
(103) in das Gehause (109) mit Hiffe einer Verteil- 



einrichtung (157) fOr 6chlanke Rohre eingefQhrt 
werden, die eine Vielzahl von LOchern zum EinfQh- 
ren der schlanken Warmeaustauschrohre (103) 
besrtzt; Endplatten (108a, 108b) schlieBlich an den 
entgegengesetzten Enden des zylindrischen 
Gehduses angesetzt werden. 

2. Verfahren nach Anspruch 1, bei welchem die Ver- 
teileinrichtung (157) fur schlanke Rohre und die 
schlanken Warmeaustauschrohre (103) in das 
zylindrische Gehause (109) durch einen Endteil 
des zylindrischen Gehduses eingefuhrt werden, 
wobei das zylindrische Gehause (109) aufrechtste- 
hend auf seinem anderen Endteil gehalten wird, der 
mit dem ersten Dichtelement (158) versehen ist 

3. Verfahren nach Anspruch 1, bei wdchem die Ver- 
teileinrichtung (157) fur schlanke Rohre und die 
schlanken Warmeaustauschrohre (103) in das 
zylindrische Gehause (109) durch einen Endteil 
des zylindrischen Gehauses eingefuhrt werden, 
indem zuerst die Verteiieinrichtung (157) far 
schlanke Rohre eingefuhrt wird und anschlieBend 
die Vielzahl von schlanken Warmeaustauschrohren 
(103) eingefOhrt werden. 

4. Verfahren nach Anspruch 1, bei welchem der 
Schritt des Einspritzens der VergieBverbindung 
ausgefuhrt wird t indem zunachstdie VergieBverbin- 
dung durch die BlutauslaBOffnung (106) auf der 
Seite eines Endteils des zylindrischen Gehduses 
(109) eingegossen wird, das Aushdrten der einge- 
gossenen VergieBverbindung zugelassen wird, das 
zylindrische Gehduse (109) umgedreht wird, die 
VergieBverbindung durch die BluteinlaBOffnung 

(105) auf der Seite des anderen Endteils des zylin- 
drischen Gehduses (109) eingegossen wird und 
das Aushdrten der eingegossenen VergieBverbin- 
dung zugelassen wird. 

5. Verfahren nach Anspruch 1, bei welchem der 
Schritt des Einspritzens der VergieBverbindung 
ausgefuhrt wird, indem die VergieBverbindung 
durch die BlutauslaBOffnung (106) auf der Seite 
eines Endteils des zylindrischen Gehduses einge- 
gossen wird, das Aushdrten der eingegossenen 
VergieBverbindung zugelassen wird, das Dichtele- 
ment (166). das an der Seite des Endteils ange- 
bracht ist, und die Verteiieinrichtung (157) fOr 
schlanke Rohre entfernt werden, erneut das Dicht- 
element (166) an seine Position gesetzt wird, das 
zylindrische Gehduse (109) umgedreht wird und 
die VergieBverbindung durch die BlutauslaBOffnung 

(106) oder die BluteinlaBOffnung (105) gegossen 
wird, wdhrend die Endteile der schlanken Warme- 
austauschrohre in einem abgedichteten Zustand 
gehalten werden und das Aushdrten der eingegos- 
senen VergieBverbindung ermOglicht wird. 
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6. Verfahren nach Anspruch 1, bei welchem der 
Schritt des Entfernens des ersten und des zweiten 
Dichtelements (158, 166) und der Schritt des 
Ansetzens der Endplatten (108a. 108b) an entge- 
gengesetzten End en des zylindrischen Gehauses s 
zunachst das Entfernen der Dtchtelemente (158, 
166) und anschlieBend das Anbringen der Endplat- 
ten (108a, 108b) an den entgegengesetzten End- 
teilen des zylindrischen Gehauses umfaSt. 

10 

7. Verfahren nach Anspruch 1, bei welchem der 
Schritt des Entfernens des ersten und des zweiten 
Dichtelements (158, 166) und der Schritt des 
Ansetzens der Endplatten (108a, 108b) an jedem 
der entgegengesetzten Enden des zylindrischen is 
Gehauses zunachst das Entfernen entweder des 
ersten Dichtelements (158) oder des zweiten Dicht- 
elements (166), das Anbringen einer Endplatte 
(108a) an dem Endteil der Seite, an welcher das 
erste Entfernen ausgefOhrt wind, das Entfernen des 20 
verbleibenden Dichtelements (166) und das 
Anbringen einer weiteren Endplatte (108b) an dem 
Endteil der Seite, an welchem das zweite Entfernen 
ausgefOhrt wird, umfaBt. 

25 

8. Verfahren nach Anspruch 1 , ferner umfassend den 
Schritt des Festhaltens des ersten Dichtelements 
(158) an seiner Position durch eine Ruckhalteein- 
richtung (159), wodurch die Endteile der schlanken 
Warmeaustauschrohre (103) durch das erste 30 
Dichtelement (158) geschlossen werden. 

9. Verfahren nach Anspruch 8, ferner umfassend den 
Schritt des Haltens des zweiten Dichtelements 
(166) an seiner Position durch eine Ruckhalteein- 35 
richtung (166a). 

10. Verfahren nach Anspruch 1, bei welchem die Ver- 
teileinrichtung (157) for schlanke Rohre eine Platte 
(161) umfaBt, die eine Vielzahl von LOchern und 40 
eine Vielzahl von Rohren (162) hat, die einen 
Innendurchmesser haben, der grfiBer ist als der 
Innendurchmesser der schlanken Warmeaus- 
tauschrohre (103), welche Rohre (162) eine Lange 
haben, die so eingestellt ist, daB verhindert wird, as 
daB die Rohre mrt der VergieBverbindung bei deren 
Einsprrtzen fixiert werden. 

11. Verfahren nach Anspruch 1 oder 10, bei welchem 

die Verteileinrichtung (157) fur schlanke Rohre so 
nach dem Einspritzen der VergieBverbindung ent- 
fernt wird. 

12. Verfahren nach Anspruch 1, bei welchem die Ver- 
teileinrichtung (157) fur schlanke Rohre nicht aus ss 
dem Gehduse entfernt wird und eine Platte (161) 
umfaBt, die eine Vielzahl von LOchern hat, welche 
Platte (161) einen ausgeschnittenen seitlichen Teil 
hat, um das FlieBen der VergieBverbindung zu 



erlauben. 

13. Verfahren nach Anspruch 12, bei welchem eine 
Einrichtung (161a, 556) vorgesehen ist, um die 
Platte (161. 555) von dem Dichtelement (166) 
getrennt zu haften. 

Revendications 

1. Proc6d6 de fabrication d'un echangeur de chaleur 
medical, comprenant les etapes consistant: a intro- 
duire une multiplicity de tubes fins (103) d^change 
de chaleur dans une enveloppe cylindrique (109) 
comportant un orifice (113) d'entree de fluide 
d'echange de chaleur, un orifice (105) d f entr6e de 
sang, un orifice (112) de sortie de fluide d'echange 
de chaleur, un orifice (106) de sortie de sang; a 
monter des premier et deuxidme elements d'etan- 
ch6h6 sur les parties d'extr6mit6 de I'enveloppe 
(109); a injector une composition d'enrobage dans 
I'enveloppe cylindrique (109), les parties d'extre- 
mite des tubes fins (103) d*6change de chaleur 
6tant maintenues dans un 6tat ferm6, en formant 
ainsi des parois de separation (110a, 110b) desti- 
nies a fixer chaque partie d'extr6mite des tubes 
fins (103) d'echange de chaleur a I'enveloppe cylin- 
drique (109); et a en I ever les premier et deuxifcme 
elements d*etancheit6 (158, 166), caracterise en ce 
que on injecte la composition d'enrobage a travers 
I'orifice (105) d'entree de sang et/ou a travers I'ori- 
fice (106) de sortie de sang qui se trouvent a des 
endroits situes entre lesdrts orifices (112, 113) de 
passage de fluide d'echange de chaleur; les de- 
ments d'6tancheite comprennent des elements 
d'etanch6ite eiastiques (158, 166) capables de fer- 
mer les parties d'extr6mit6 des tubes fins (103) 
d'6change de chaleur et on les fixe a des endroits 
respectrfs situes entre ledrt orifice de passage de 
fluide d'echange de chaleur et Torrfice de passage 
de sang aux deux parties d'extr6mite de I'enve- 
loppe cylindrique; on introduit les tubes fins (103) 
d'6change de chaleur dans I'enveloppe (109) en 
6tant assiste par un disposrtif de repartition de 
tubes fins (157) comportant une multiplicity de 
trous destines a insertion des tubes fins (103) 
d'echange de chaleur; on monte finalement des 
plaques cfextremite (108a, 108b) sur les extremes 
opposies de I'enveloppe cylindrique. 

Procede selon la revendication 1, dans lequel on 
introduit ledit dispositif (157) de repartition de tubes 
fins et lesdits tubes fins (103) d'echange de chaleur 
dans ladite enveloppe cylindrique (109) a travers 
une des parties cTextr6mite de ladite enveloppe 
cylindrique , ladite enveloppe cylindrique (109) 
etant maintenue verticale sur son autre partie 
d'extremite munie dudit premier element d*6tan- 

chene (158). 
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3. Precede selon la revendication 1, dans lequel on 
introdurt ledit dispositif (157) de repartition de tubes 
fins et lesdfts tubes fins (1 03) d'6change de chaleur 
dans ladite enveloppe cylindrique (109) k travers 
une des parties d'extremite de ladite enveloppe 5 
cylindrique en insurant tout d'abord ledit cfispositif 
(157) de repartition de tubes fins et en insurant 
ensuite ladite multiplicity de tubes fins (103) 
d'6change de chaleur. 

10 

4. Proc6d6 selon la revendication 1, dans lequel on 
effectue retape d'injection de ladite composition 
d'enrobage en versant tout d'abord ladite composi- 
tion cfenrobage k travers ledit orifice (106) de sortie 

de sang se trouvant sur un des c6t6s de partie 15 
d'extremite de ladite enveloppe cylindrique (109), 
en laissant durcir la composition d'enrobage, en 
inversant la position vertical e de ladite enveloppe 
cylindrique (109), en versant ladite composition 
d'enrobage k travers ledit orifice (105) d'entr6e de 20 
sang se trouvant sur I'autre cdte de partie d'extre- 
mite de ladite enveloppe cylindrique (109), et en 
laissant durcir la composition d'enrobage vers6e. 

5. Proc^de selon la revendication 1, dans lequel on 25 
effectue retape d'injection de ladite composition 
d'enrobage en versant ladite composition d'enro- 
bage k travers ledit orifice (106) de sortie de sang 

se trouvant sur un des c6t6s de partie d'extremite 
de ladite enveloppe cylindrique, en laissant durcir la 30 
composition d'enrobage versee, en enlevant l'6ie- 
ment d'etancheite (166) monte sur lecfit c6t6 partie 
d'extremite et ledit dispositif (157) de repartition de 
tubes fins, en montant de nouveau ledit element 
d'etarrcheite (1 66) en inversant la position verticale 35 
de ('enveloppe cylindrique (109) et en versant ledit 
agent enrobage k travers ledit orifice (106) de sortie 
de sang ou r orifice (105) d'entree de sang tout en 
maintenant les parties d'extremite desdits tubes 
fins d'echange de chaleur dans un 6tat ferme de 40 
facon etanche et en laissant durcir la composition 
d'enrobage versee. 

6. Precede selon la revendication 1, dans lequel 
retape d'enievement desdits premier et deuxieme 45 
elements d'etancheite (1 58. 1 66) et retape de mon- 
tage des plaques d'extremite (108a, 108b) sur les 
extremites opposees de ladite enveloppe cylindri- 
que comprennent tout d'abord I'enievement desdits 
elements d'etancheite (158, 166) puis la fixation so 
desdites plaques d'extremite (108a, 108b) sur les 
parties d'extremite opposees de ladite enveloppe 
cylindrique. 

7. Precede selon la revendication 1, dans lequel ss 
retape d'enievement desdits premier et deuxieme 
elements d'etancheite (1 58. 1 66) et retape de mon- 
tage des plaques d'extremite (108a, 108b) sur cha- 
cune des extremites opposees de ladite enveloppe 



cylindrique comprend tout d'abord I'enievement soit 
du premier element d'etancheite (158) soit du 
deuxieme element d'etancheite (166), la fixation 
cfune plaque d'extremite (108a) k la partie d'extre- 
mite du cOte sur lequel a 6t6 effectue ledit premier 
enlevement I'enievement de I'eiement d'etancheite 
restant (166) et la fixation cfune autre plaque 
d'extremite (108b) k la partie d'extremite du c£te 
sur lequel a 6t6 effectue ledit deuxieme enleve- 
ment. 

8. Procede selon la revendication 1, comprenant, en 
outre retape de maintien en place du premier ele- 
ment d'etancheite (158) par un dispositif de retenue 
(159), les parties d'extremite des tubes fins 103) 
crechange de chaleur etant ainsi fermees par ledit 
premier element d'etancheite (158). 

9. Procede selon la revendication 8, comprenant, en 
outre, retape de maintien en place du deuxieme 
element d'etancheite (166) par un dispositif de rete- 
nue (166a). 

10. Procede selon la revendication 1, dans lequel ledit 
dispositif (157) de repartition de tubes comprend 
une plaque (161) comportant une multiplicity de 
trous et une multiplicity de tubulures (1 62) ayant un 
dametre interieur plus grand que le diametre irrt6- 
rieur des tubes fins (103) d'echange de chaleur, 
lesdites tubulures (162) ayant une longueur qui est 
ajustee de telle sorte que les tubulures ne peuvent 
pas etre 1ix6es par la composition d'enrobage tors 
de linjection de cette derniere. 

11. Procede selon la revendication 1 ou 10 t dans lequel 
on enieve le dispositif (157) de repartition de tubes 
fins apres linjection de la composition d'enrobage. 

12. Procede selon la revendication 1, dans lequel le 
cfispositif (1 57) de repartition de tubes fins n'est pas 
enieve de I'enveloppe et comprend une plaque 
(161) comportant une muttiplicite de trous, la pla- 
que (161) comportant une partie laterals 6chan- 
cree pour permettre recoupment de la composition 
cfenrobage. 

13. Procede selon la revendication 12, dans lequel des 
moyens (161a, 556) sont pr6vus pour maintenir la 
plaque (161, 555) 6cart6e dudrt element d'etan- 
cheite (166). 
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